Technologies to treat wastewater are now well established and are capable of producing almost any degree of purification. The main issue surrounding the selection of a given process lies in deciding which is the most appropriate and applicable technology for the particular social, political and economic environment. This paper concentrates on the development of the municipal wastewater treatment sector in Greece. It examines the deficiencies and problems arising from the implementation of wastewater management policies and makes a number of suggestions and recommendations. The areas considered include, among others, historical development, economic development and pollution control, key issues for wastewater treatment policies and lessons applicable to developing countries. It is hoped that this study will be a valuable source of information for countries embarking on nationwide sanitation projects.
Introduction
Historically, Greece is considered as a pioneer in the development of sophisticated sewerage systems, as suggested by findings in ancient palaces and cities of the Minoan civilization (Angelakis and Spyridakis, 1996) . Today Greece has a population of 10.6 million people living in an area of about 132,000 km 2 , with a coastline of 15,000 km. The country is located in the south-eastern most part of the European Union, bound by the Ionan, Aegean, and Libean open seas of the Mediterranean region. The economy of the country is increasingly dependent on the tourism industry. Thus, sustainability, conservation of natural resources and the prevention of coastal pollution are of special significance.
Since Greece joined the EU in 1981, there has been rapid economic development to comply with the common EU policy. At the same time Greece has had to comply with EU policies relating to pollution control. Major projects have been implemented to control pollution, which was at a relatively low level at the time Greece joined the EU. The wastewater treatment sector has been of particular concern over these years. Comprehensive information has been gathered on the development of the sector, based on data collected systematically from a national survey. This included visits to all the municipal wastewater treatment plants (MWTP) (Tsagarakis, 1999) . This was a complete state-of-the-art survey which has been processed through geographical information system (GIS) analysis .
Greece, a typical Mediterranean country, has followed most of the advances in wastewater technologies closely. However, many of the technologies which have been implemented have been largely influenced by northern EU countries. This is particularly true for the 1990s, mostly as a consequence of EU Directive 91/271/EEC (CEC, 1991) , which deals with the treatment of urban wastewater, and the fact that funds were available from various EU programmes, such as the cohesion programme, providing economic support for the construction of MWTP.
The purpose of this paper is to present the current status of wastewater management in Greece with emphasis on the historical development of the sector, its economical development, and pollution control. Key issues for wastewater management policies are identified and lessons and recommendations are suggested for developing countries.
Historical development
Diachronic development of MWTP, regional sanitation coverage and past and future investment in wastewater treatment are discussed.
Development of MWTP
In 1980 a paper in Water and Sewage Works (Anon., 1980) described the status of Greece's wastewater treatment sector. The paper started like this: "There's no old time adage that when in Greece you do as Greeks do. That's good. Because until recently, if you were in the wastewater field and in Greece, you did almost nothing. There's some movement now, and recently, the first municipal wastewater treatment plant was built in the central part of the country".
On pollution control the paper said: "Greece, a Johnny-come-lately in the pollution control field in general, has been spurred into some action by several developments: The all-too heavy direct disposal of untreated wastes into offshore waters has been hurting its fishing industry, and the country depends a lot on that industry. Also Greece is on the first leg of a multiyear journey into the ranks of the common market and there will have to be some conformance with EEC pollution-control standards before it enjoys that membership. So antipollution efforts just now getting underway are due to accelerate during the next few years".
By the end of 1997, 241 MWTP had been constructed across the country, of which 127 were in operation and were serving 47% of the total permanent population (Tsagarakis et al., 1998a) . The historical development of these MWTP in operation, including a short extrapolation into the future, is shown in Figure 1 . Today, Greece has an estimated population of 10.6 million and 270 MWTP in operation or under construction, which could serve about 60% of the country's permanent population with at least secondary treatment. It is estimated that a further 2000 MWTP, each serving a population equivalent (p.e.) of more than 500, would be needed for the next 26% of the population, while the remaining 14% live in villages of fewer than 500 p.e., for which on-site sanitation technologies should be used.
Regional sanitation coverage
Greece is divided into 13 regions. The extent of treatment of wastewater is related to the prosperity of the area served. Figure 2 (left-hand panel) shows how the relative wealth of the region in gross national product (GNP) (expressed as a percentage of the country's average) correlates with the extent of wastewater treatment coverage (expressed as a ratio p.e. to t.p.p. -total permanent population).
The graph shows that a larger proportion of the population is served by MWTP in richer areas than in poorer areas. The relationship between economic wealth and sanitation coverage is represented by a rough factor of 1.5 -that is if a region becomes 2% "richer" there would be an increase in p.e. served by MWTP of approximately 3%.
In cases where regions have a p.e./t.p.p. of more than 100% this is due to high tourist activity and MWTP design for future capacity. It should be noted that the GNP is not the sole, nor indeed the optimum, macro-economic parameter for making comparison between regions. It is sufficient, however, for a descriptive interpretation in this case.
A major source of Greece's income is tourism. It is in the interest of the tourist areas to maintain a clean environment. Figure 2 (right-hand panel) shows how the extent of tourism in the 13 regions (nights spent in the region by tourists as a percentage of the country's total) correlates with the extent of sanitation coverage (p.e./t.p.e. served).
The graph shows that, roughly, up to an approximate value of p.e./t.p.e. of 50% tourism has little impact. After that a factor of 2.5 appears to apply. Thus, a 2% increase in a region's tourist activities (compared with the country's total) would result to a 5% more p.e. served by MWTP. The above analysis should be treated qualitatively, given that tourism itself is a main economic factor in Greece's development, so both "economy" and "tourism" are closely related. The main conclusion is that both strongly influence the wastewater treatment sector in Greece.
Past and future investment in municipal wastewater treatment
To date 850 million euros has been invested in municipal wastewater treatment facilities in Greece. There remain 2,750,000 permanent residents to be served by centralised treatment. Future costs can be estimated on the basis of the following: a real economic cost of construction of 150 euros per p.e.; a 20-year working life of plant, serving a population growing at an annual rate of 0.6%; projected additional inflow of 15% due to tourism. From this it can be calculated that about 515 million euros will need to be spent on MWTP in the near future, if secondary treatment is desirable.
Given that these funds are going to be invested on mainly small communities, proper planning is essential if problems encountered in the past are to be avoided. Examples of such problems are as follows. 1. 2.6 million euros has been invested in plants that failed. Not only do these MWTP plants not work, they also occupy 20,000 m 2 of land that has been purchased or tied up, land which could be used more profitably. 2. 4.6 million euros has been invested in the plants that were constructed but which did not operate for an average of 2.5 years. The figure of 4.6 million euros is based on OCC 6% of the capital cost of 29 million euros over the period of non-operation of the plants. Again, more than 300,000 m 2 of land that has been purchased or tied up could have been used otherwise. The MWTP responsible for this waste of investment capital are small ones, which account for one out of three (Tsagarakis et al., 2000a) . Clearly careful consideration must be given to proper wastewater treatment management from now on. Greece cannot afford any capital loss from wastewater treatment in the future as EU financial support will decrease with time.
Economic development and pollution control
In the 1992 World Development Report (World Bank, 1992) the issue of development versus environment is analysed. The report notes the situation in industrialised countries: "Industrial countries have achieved sustainable improvements in environmental quality along with continued economic growth.. . . Access to clean water, adequate sanitation and municipal waste disposal is now virtually universal.. . . In many cases economic growth is being "delinked" from pollution [see Figure 3a ].. . . Incentives to protect the environment are being introduced, then after a period of planning and implementation pollution is declining to an optimum.. . . Progress in reducing water pollution is an example of how higher-income countries have been able to break the link between growth and environmental degradation. This is not easy, it requires strong institutions and effective policies, but it can be done. It explains why so many environmental indicators show an initial deterioration followed by an improvement. As income grows, the ability and the willingness to invest in a better environment rises."
Economic growth can be measured by such parameters as GNP and gross domestic product (GDP). While Figure 3 (a) shows the theoretical relationship between the strength of the economy and the quality of the environment, Figure 3 (b) shows the actual situation in Greece.
Three major factors have had a particular impact. In the 1970s a lot of concern was raised about the discharge of untreated wastewater into the oligotrophic Mediterranean waters, providing incentives for treatment (see, for example, Friligos, 1982; Theodorou, 1992; Andreadakis et al., 1993) . The main catalyst for pollution control caused by wastewater discharges was the 271/91/EEC Directive concerning urban wastewater treatment (CEC, 1991) . In response 241 MWTP were constructed up to 1998.
Economic development in Greece has been rapid in recent years. One of the main reasons for this is the commitment to comply with the European Union's economic and monetary policy. Based on the World Bank classification, Greece was an upper-middle-income developing country until 1996 when it crossed the threshold towards developed countries with an average GNP per capita of US$ 9,655 (World Bank, 1999) .
Key issues for wastewater management policies
Key issues identified from field study data are discussed and evaluated. These include consideration of local data, selection of appropriate technology, design, education and training.
Consideration of local data
Ideally, for design purposes it is necessary to have historical data on the flow rate and other quantitative data. Where these are not available, accurate estimations should be made taking into account local conditions and information. Data presented in international textbooks are generally applicable to developed countries. For this reason they must be treated with caution: adopting these data uncritically could result in installations being over-designed. The size of the community served, its socio-economic status and other factors are likely to influence the flow rate per inhabitant. Campos and Von Sperling (1996) developed a model for calculating wastewater production in Brazil that showed significant variation according to the income of the people served, ranging from 74 L/inh.d for the lowest income group to 210 L/inh.d for the highest.
The survey of MWTP in Greece (Tsagarakis, 1999) revealed qualitative and quantitative characteristics of influent. The data refer to average annual values entering the installation. For medium and large residential cities the recommended value of wastewater flowing into the installation is 170 L/inh.d. However, in small installations in agricultural regions values as low as 100-120 L/inh.d have been reported. Many of these installations are designed to cope with rates of 200 L/inh.d. Consequently, these plants are over-designed. A statistical analysis of qualitative and quantitative data is presented in Table 1 .
Selection of appropriate technology
The large number of extended aeration systems (180 out of a total 241 MWTP; Tsagarakis et al., 1998a) suggests that engineers and other decision-makers tend to choose tried and tested technologies, which is not altogether surprising.
The destination for the effluent is a critical factor in the choice of technology for waste treatment. Although there is a high demand for water for agricultural crops in Greece (Tchobanoglous and Angelakis, 1996) , most effluent is not re-used for irrigation but is instead disposed of in the sea (Tsagarakis et al., 1998b) , a practice influenced mainly by northern EU countries.
This demonstrates the necessity to carry out research which is based on local requirements and conditions, rather than uncritically adopting practices from abroad (Tsagarakis et al., 2000b). Research itself is an investment (Parker, 1988) . A number of parameters should be considered when choosing the appropriate technology. These can be grouped as economic, institutional and political, climatic, environmental, land availability /properties, sociocultural, and other local ones. Once these factors have been taken into account the most cost-effective system should be selected, unless the population being served is willing to pay more (Mara, 1996) .
To screen these processes, three major levels of analysis should be undertaken ( Figure  4) . Firstly, the required effluent quality should be considered. Then a number of aspects that could restrict the applicability of some processes should be examined. Finally, a costeffectiveness analysis should be undertaken so that the optimum economically viable solution can be identified. For developing countries (as Greece was regarded to be in the early days of its national wastewater treatment programme), the criterion of required effluent quality is considered after the other two criteria.
The tender procedure comes at the end of this screening process. Materials, deadlines and the responsibilities of the constructor are prescribed and can influence the plant's future. A major factor is the method of tendering and what stages of the project are included in the tender. Recent practice in Greece has been to invite tenders for both design and construction of MWTP at the same time, with one company undertaking both. In the past design and construction were considered separately. Where design and construction are considered together, advantages can accrue: the overall duration of the project decreases, more effective monitoring is possible, it is easier to make adjustments to account for developments in technology and consequently improve the quality of the project. Some of the important factors to be considered are discussed in more detail below. Economic. It is of prime importance to take into account the economic status of the country and the municipality in question. The more developed a country is, the greater is its concern for environmental issues. The ability of the inhabitants to pay operation and maintenance costs is not the same everywhere. At the prefecture level in Greece, GNP can vary by up to 240%. Likewise wide variations are found between towns.
Institutional and political. It is very important for the state to be able to control the design, construction and operational efficiency of all wastewater treatment plants. There is no point in imposing any kind of effluent requirement or adopting the most advanced technology for wastewater treatment if there is no mechanism to ensure maximum efficiency. It is therefore important to predict whether a proposed technology can be supported by the institutions. Appropriate legislation needs not only to be developed, but also implemented. This will require adequate funding. Political interference has been reported regarding site selection and other aspects of MWTP construction and operation. Those MWTP that are supervised by specialised agencies generally operate well. Putting MWTP in the hands of non-technical and non-specialised agencies has led to problems and poor performance. Most of the time, the causes of poor performance are non-technical and the majority of them could have been avoided by better administration of the plants' construction and operation (see also Tsagarakis et al., 2000b) .
Climatic. Climatic conditions can influence the dimensions of the units and the efficiency of the processes. Temperature is the crucial parameter, but moisture, wind direction and strength, and other factors can be important for some processes. Therefore, it is important that the design engineer considers climate before applying a technology that has been proved reliable under conditions that are not the same as those pertaining locally. Historical data should be examined. Temperatures throughout Greece can range widely: in Nevrokopi (Drama) the temperature can drop to -20°C during the winter; in other parts of the country the temperature may rise to 47°C (in the shade) in the summer. In addition, severe water imbalances occur due to unequal temporal and regional atmospheric precipitation and distribution.
Environmental. The impact of noise, odours, insects, visual and landscape distortions (Fastenau et al., 1990) should be assessed. Scenic areas should not be interfered with without appropriate consideration. Where wastewater has to travel long distances at low speeds, septic conditions can develop. Thus preliminary treatment units such as screens and grit chambers often release odours. Care should be taken to house these units in buildings to avoid environmental nuisance. Nowadays, odour control is particularly important.
Land availability and its properties. The availability of land is a major consideration when determining wastewater treatment strategies. If systems that demand large areas of land are being considered, it is vital to ensure that the required amount of land is available on the proposed site. Availability of land for future expansion of the plant should be considered as well. The properties of land are also very important and should be well defined beforehand. Because land is scarce in Greece, two MWTP have been built that occupy all or large parts of small islands: Psyttalia and Chalkida for the cities of Athens and Chalkida, respectively. Using islands requires additional construction costs (sea pipes, pumps, boats for the staff, visitors and supplies, and others). The operation and maintenance costs are also significantly increased because of the extra equipment needed, and the need to employ boat crews. Topography: Greece is a country with a highly varied landscape. For each proposed MWTP the local topographic characteristics of the area should be considered. While land in hilly and mountainous terrains is relatively cheap, extra costs might be incurred because of the volume of earthworks necessary and the cost of pumping raw wastewater.
Geology: The geology of Greece varies significantly across the country and there is a high degree of tectonic activity. Geohydrology has to be considered for individual cases when there are plans for water table recharge or irrigation with treated effluent. The water table should also be examined: if it is too high, provision needs to be made to drain the base of the installation. The load-bearing properties of the soil should be considered. When planning the construction of a waste stabilisation pond, potential difficulties of removing earth should be taken into account. In general terms, rocky areas do not favour natural systems.
Coastal installations: In Greece, most MWTP have been constructed close to the sea. It should be assumed that corrosion will occur and non-corrosive materials should be used. In addition, possible effects of wind on the transportation of viruses from aeration tanks should be considered. Surface aeration is not recommended for installations close to bathing beaches.
Water resources: The required effluent quality is determined by the proposed disposal method for the effluent. For instance, if the effluent is intended for irrigation, stricter criteria apply for microbiological content, which will require additional treatment. The 271/91/CEC Directive is stricter for discharges to fresh waters and estuaries. Therefore the water resources and the quality of the available water for other uses are crucial considerations.
Sociocultural. There are many social and cultural aspects of both MWTP workers and the population being served by the installation that can have a direct influence on the efficient operation of the plant. For example the quality and efficiency of the personnel employed in the MWTP has to be considered by decision makers. Relevant factors relating to the local population include such things as the use of large quantities of olive oil in cooking, a significant proportion of which may find its way into the waste stream. Or the fact that deposits other than human waste will be put into toilets -paper and cigarettes for example. During community celebrations, such as a festival or marriage, many animals may be slaughtered to feed hundreds of people -the high levels of blood entering the sewers could cause biological shock to the waste treatment facility. In agricultural communities the population should be educated to understand that washing agricultural instruments contaminated with pesticides or herbicides could cause these harmful substances to enter the sewage system.
Cost-effectiveness analysis for the best choice of system. After considering all the aspects mentioned above, plus any other relevant factors that relate to local circumstances, the best option for a wastewater treatment system will be selected from a shortlist. To make the final selection a technique based on cost effectiveness should be undertaken. This technique should employ properly evaluated life cycle costs, taking into account the capital cost for planning and construction, the costs of operation and maintenance and the value of the land used.
Design considerations
Information on the dimensions and design of MWTP in Greece is generally obtained from international textbooks. To design an appropriate facility it is important to take into account local conditions and to then monitor the operation and performance of the plant. In cases where a particular system has not been used before, a pilot study should be undertaken so that the system's performance can be evaluated under the prevailing local conditions before the main plant is constructed. Meanwhile, it is important to keep abreast of any advances in research so that they can be evaluated and implemented where appropriate.
A survey of activated sludge plants in Greece has shown that international trends for deeper aeration and secondary sedimentation tanks have not been followed. A frequency distribution of the aeration tanks from 38 MWTP employing diffused aeration showed that only 16% of these are within the recommended effective range of 4.6-7.6 m (Figure 5a ) (Tchobanoglous and Burton, 1991) . Similarly, a frequency distribution of the side depth of 87 MWTP employing circular secondary sedimentation tanks has shown that only 12% (Figure 5b ) are within the typical range of 3.7-6.1 m (Tchobanoglous and Burton, 1991) .
The study showed that the effluent quality had worsened due to the escape of sludge from shallow tanks. This failure to implement the best design can be put down to a lack of education and training, poor monitoring of the performance of MWTP, and the tendency simply to replicate previous designs, thereby perpetuating mistakes. A more detailed analysis of these issues can be found in Tsagarakis (1999) .
Education and training
Education is an important issue in the wastewater treatment sector in Greece. Wastewater treatment is a relatively new subject in Greece, and there is a lack of readily available up-to-date local knowledge. Although English is widely spoken and understood, Greek translations of documentation would help, and support for publishing such translations should be given. This does not apply to academic and research engineers, but mostly to private and public sector engineers.
There would seem to be a lack of training in advanced sanitation technology for the government-employed public engineering workforce. It is very important to train public engineers and technicians so that informed decisions can be made about proposed designs for treatment plants made by companies. In addition training programmes on environmental projects and pre-feasibility studies should be provided.
Conclusions
The treatment of wastewater has been a major issue in Greece over the past two decades. EU policies have been implemented and there has been significant growth in knowledge and technology transfer aimed at accelerating the development of the wastewater sector, catalysed by the growth in the economy.
There are considerable variations in sanitation provision between regions in the country, largely due to inequalities in income and the level of tourism. To date significant national and EU funds have been invested in the sector, but more are needed. A few large installations in urban centres should be expanded and several relatively small installations in rural areas are necessary. It is important to note that a number of MWTP have failed, resulting in a waste of capital and working hours. Developing countries are being encouraged to implement wastewater treatment policies with the promise of financial aid from developed nations. Such economic aid is essential, but it is important that local conditions are considered carefully to make full use of any aid.
The efficiency of existing MWTP should be monitored and any research findings from other countries should be verified at the local level before they are adopted. The uncritical adoption of international criteria for design of MWTP and ignorance of the latest research findings could result in wasted capital. It is vital that research is focused on the best technologies suited to the local conditions. Institutional and management mechanisms should be put in place to ensure that policies are properly monitored and administered. In other words, wastewater treatment policies should be accompanied by appropriate administration changes to enable effective control and supervision.
Because of its geographical location, its climatic conditions and its sociocultural characteristics, Greece is an ideal country where developments in wastewater technology can be tested and established. Other Mediterranean countries with an arid and semi-arid Mediterranean climate can then take advantage of these developments by adopting the appropriate sustainable technology.
